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A molten trietal pumping device is disclosed that comprises a 

it^^^ t '° """P"' is within 

nri.!?« " '° ««°"- shaft. The device funher 

includes a superstructure attached to and positioned above the pump 

fh^o'' '^T °" '"P"''"^"":- » drive shaft connected to 

haf^ ^^rl" "'^ "^"^^ the rotor 

.•snatt. The rotor extends beyond the input pon to deflect solid 
panicles thereby reducing jams and preferably is a dual-flow «xor 
directing molten metal both into the chamber and out throueh the 

with, a flexible disc disposed therebetween. Another aspect of the 
invention .s a housing for a transfer pump that includes a diLrteSe 

me n, I; r ' "T" " ^o that it can co^ec^to a 

meta transfer conduit without the use of cement thereby .educing 
maintenance costs and downtime. Funher. the venical meS 
such as the suppon posts, metai transfer conduit and JSr S 
may be sectional so that anti^orrosive materials may be^w 
the sections positioned in the most conosive aieas of the moltm 

mal JTf " *««^ component of teSS 

may be configured to retain a themocouple. 
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Molten Metal Pumping Device 



Field of the Invention : 

The present invention relates to devices for pumping molten metal. More panicularly. the 
5 invention relates to a more efficient molten metal pump that includes low-mamtcnancc. ca>y-io-replace 
components. 

Background of the Invention : 

Devices tor pumping molten meial (referred lo herein as molten metal pumps or pumpmn 
IC devices), particularly molten aluminum, and various components that can be used with these devices 

are generally disclosed in U.S. Patent No. 2.948,524 to 

Sweeney ei ai. and U.S. Patent No. 5,203.681 to Cooper entitled "Submersible Molten Metal Pump," 
the disclosures of which are incorporated herein by reference. 

A problem inherent m prior art devices is costly, time-consuming mainicnance. Molten metal 

1 5 pumping devices operate in an extremely hostile environment, usually a molten aluminum bath. The 
molten aluminum is maintained at a temperature of 1200-1500*F and contains contaminants, such as 
magnesium, iron, dross and pieces of brick. Additionally, chlorine gas. which is highly corrosive, is 
usually relea.sed in the molten aluminum to react with and remove the magnesium. As a result of the 
high temperatures and chemical composition of the metallic bath, the bath is extremely caustic and 

20 gradually oxidizes the pumping device's components. 

.\noihcr problem with molten metal pumps is related to the pressure generated by pumping the 
metal and the presence of solid particles within the molten metal bath. Molten metal pumps include a 
motor, a rotor shaft, a rotor tor impeller) and a pump base. The pump base has a chamber formed 
therein, an input pon(s) (also called an inlet(s)) and a discharge that leads to an output pon talso called 

25 an outlet). The input port and discharge are in communication with the chamber. The motor is 
connected to the mtor shaft and drives, or spins, the rotor shaft, connected to the rotor, which is located 
within the pump chamber. The molten metal enters the chamber through the input port(s) and the 
spinning rotor forces ( i.e., pumps) the molten metal through the di.schargc and out of the port. 

The pre.ssure generated by pumping the molten metal can cause the rotor shaft to move 

3 0 eccentrically (i.e. to wobble). Funhcr. if solid panicles .<;uch as slag or brick enter the pump chamber 
and strike the rotor, the rotor shaft is jarred. Eccentric movements and sudden changes In speed caused 
by jarring can damage the rotor shaft or the coupling that joins the rotor shaft to the motor drive shaft. 
In order to prevent the rotor shaft from breaking, and to prevent damage to the coupling, the coupling 
should be flexible to allow for movement. 

3 5 Further, when dross, pieces of brick or other solid panicles enter the pump chamber they may 

wedge between the rotor and the upper wall of the pump chamber, which may cause the rotor to jam 
and the rotor shaft to break. One solution to this problem is described in U.S. Patent No. 3,203.681 to 
Cooper entitled "Submersible Molten Metal Pump." This patent discloses a pump having a non-volute 
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pump chamber to allow for the passage of solids. Even if this des.gn is unlized. however, solid panicles 
may st.ll wedge be.ween the upper wall of the pump chamber, or upper wear rine. and the rotor thus 
jamming the rotor. 

Funher. molten metal pumps come in several versions, one ol which is referred to as a transfer 
pump. A transfer pump nonnally has a discharge formed in the top of the pump housmu A metal 
transfer conduit, or riser, extends from the di.scharge and out of the metallic bath where „^s «ncrallv 
supponed by a metal suppon stmcture known as a superstmcturc and is connected ,o a 90^ elbow The 
transfer pump pumps molten metal through the discharge and through the metal-transfer conduit and 
elbow wher. it exits into another metallic bath chamberd.e.. the molten metal is transferred to .mother 
chamber,. Lnt.1 now. the metal transfer conduit has been cemented to the discharge opcn.n. and .o the 
steel superstmctun:. Although cementing the conduit generally works wdl. it is extrcmeh- diff.cul. to 
replace a metal-.nmsfer condu.t so connected because: I ) the pump must be removed from the metallic 
bath and cooled. 2) the cement must be chi.selcd away. 3) the new conduit must be as.sembled and 
cemented to the discharge. 4) the conduit must be cemented to the steel supporting stmcture. and ^) the 
new cement must be cured to remove moisture, a process that, by .t.solf. normallv takes approximatelv 
twenty rour hours. The entire replacement operation can take up to two days. 

Summar y of the Invemion : 

The present invention solves these and other problems by prov.dmg a molten metal pumping 
device compnsing a molten metal pump including a rotor sized to fit within the pump chamber and to 
extend beyond the pump input port. As the rotor spins, the ponion cxtendina bevond the input port 
denects many solid particles rather than allowing them to enter the pump chamber. This reduces the 
l.kehhood of Jams occurring. Optionally, the rotor can be a dual-llow device. One embodiment of a 
dual-now rotor of the present m vention has substantially vertically-onentcd vancts . that have a top 
portion angled towards the honzontal axis. .As the rotor .spins, the angled top portion(s) direct the 
molten metal down into the pump chamber and the vertically-oriented portion(s, direct the molten metal 
outward agam.st the wall of the pump chamber, where the metal is eventually directed out of the 
discharge. 

The pumpmg device of the present invention also includes a novel couplins for conncctin«» the 
rotor shaft to the motor drive shaft wherein the coupling compnses a firs, coupling member and . 
second couphng member with a flexible disk dispo.sed therebetween. The first coupling membe. 
connects to the :aotor drive shaft and the second coupling member connects to the rotor shaft If the 
rotor shaft moves eccentrically or is jarred, the flexible disk absorbs the movement, whether it be side- 
to-s.de or up-and-down, or a combination of both, in a full 360' range, thus preventing the rotor shaft 
irom breaking and preventing damage to the coupling or to the motor shaft. Funhennore, the couplings 
performance relies solely on the flexibility of the disk: it does not require lubricants to maintain its 

flextbihty. Additionally, the couplingis no. connected loeither the motor drive .shaft or rotor drive shaft 
by a threaded connection. It drives the rotor shaft by tiansfetring force thn^ugh coupling surfaces that 
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ma.e with surfaces of the ro.or shaft, which is described in ereater detail herein 

The present invention also includes a pumping device comprising a transfer pu.p havin. a 
metal-transfer conduit that is no. cemented or similarly aff.xed to the pump base or .he sic^l 
supentn^cture. Preferably, the metal-trunsfer conduit has a fint end configut^d to either rest on a button 
attached to .he pump ou.pu, pen or to fi. into an angled bore.formed in the discharge The metal 
transfer condu.t also has a second end opposite the llrs, end that ,s .upponcd by a twolpiccc coupl.nc 
.hat engages the conduit without the use of cement or other sealant. W.th the noncemented .tntcture 
of the present invention, it takes only a few hours to replace the metal-.ransfer conduit 

Funher. any vettical member, such as the metal-transfer conduit, support posts or shaft of the 
present invention can be provided as a plurality of connectable sccons so that the sec.on in contact 
wth the ext^mely corrosive surface of the metallic bath may be individually replaced or be formed of 
h.ghly corrosion-resistant material, such as ceramic: whereas the rest of the conduit mav be fo.-med of 
less expensive material, such as graphite. This sttvcture also allows for the replacement of an individual 
worn section of a venical member, instead of having to replace the cnt..e member. 

I. therefore an object of the present invention to provide a pumping device that increase. 

pumping ctficiency. 

It .s a funher object of the present invention is to provide a device that includes a dual-now 



roior 



It is a funher object of the present invention to reduce jamming that occurs in molten metal 
pumping devices. 

I. is a funher object of the present invention to provide a pumping device that reduces 
maintenunce downtime. 

It is a funher object of the present invention to provide a pumping device mcludinu a rotor shaft 
couplmg that allows for eccentric movement and that docs not require lubrication. 

I. is a funher object of the pre.scn, invention to provide a pumping device including a rotor shatt 
coupling that has no threads. 

. . It is a funher object of the present invemion to provide a transfer pump including a metal- 
transfer conduit that is not cemented to the pump base. 

I. IS a funher object of the invention to provide a transfer pump as defined above wherein the 
metal-transfer conduit is supported by a pump superstnicture without the use of cement. 

It is a funher object of the pre.sent invention to provide sectional venical members including 
a sectional rotor drive shaft, sectional suppon posts and a sectional metal-transfer conduit wherein the 
sections can be connected with or without the use of cement or other sealants. 

It is a funher object of the present invention to provide a furnace thennocoupic integral with 
the pump. 

These and other objects will become apparent to those skilled in the an upon reading the 
following description and appended claims. 
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Brief Desc ription of the Drawin^^ - 

Figure 1 a front, paaial-scctional vie. of a molten metal pump in accordance wuh the 
mventton havmg a pump discharge formed in the side of ihc pump housing 

- ««iona. front view of the pump chamber .shown in Rg. . havine a 

90 elbow attached to the output pan and a transfer conduit attached .0 the elbow 

Figure 2 is a front perspective v.ew of a pump m accordance with the present invention hav.nc 
a dtscharge and output pen formed in the top surface of the pump housing and a .ran.sfer conduit havin: 
one end attached to the output pen and one end secured to the superstructure 

Figure 3 is an enlarged perspective view of a clamp used .0 secure the metal-tmnsfcr conduit 
to the pump superstructure without the use of cement. 

Figure 4 is an exploded view of the clamp shown in Fig. 3. 

Figure 5 is an exploded, panial cross-sectional view o/an altemat.ve clamp that can be used 

10 secure the metal -transfer conduit without the u.sc of cement. 

Figure 6 is a perspective view of a rotor m accordance with the pa-sent invention 

F.uure 7 i.s a side, cross-sectional view showing the rotor of Fig. 6 positioned in a pump 

chamoer. *^ * 

Figure 8 is a perspective view of a dual-flow rotor in accordance with the invention 
Figures 9a-9d are perspective views of alternative dual-now rotors in accordance with the 



invention. 



3 0 invention. 



Figure 10 is a perspective v.ew of a shaft coupling in accordance with the present invention 
Figure lOa is an exploded, perspective v.ew of the coupling shown in Fig. 4. 
Figure 1 1 is a panial. rear perspective v.ew of a transfer pump ba.se having a button attached 
10 the pump outlet port. 

Figure 12 is a front cross-sectional view of an alternative transfer pump base including a mating 
meial-iranster conduit in accordance with the invention. 

Figure 13 shows a sectional metal-transfer conduit in accordance with the invention. 

Ftgure 13a shows an altemative sectional metal-transfer conduit in accordance with the 
invention. 

Figure 14 shows a furnace thermocouple mounted in a support post in accordance with the 



Figure 15 shows a pump base having a stepped surface that makes a substanually-tight 
connection with a riser tube having a stepped end. 

Petailed Descriptinn nf n Preferred Fmhr.H;,T,..^t 

Referring now to the figures, where the purpose is for describing a preferred embodiment of 
Ae mvenuon and not for limiting same. Fig. I shows a pumping device 10 submerged in a metallic bath 
a. Device i 0 has a superstructure 20 and a base 50. Supenstiucture 20 is positioned outside of bath B 
when dev.ce 10 is operating and generally comprises a mounting plate 24 that supports a motor mount 
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26. A motor 28 is mounted .o mount 26. Motor 28 is preferably electric or pneumatic al.houch. a. used 
herem. the term motor refers to any device capable of driving a rotor 70. 

Superstroicture 20 is connected to base 50 by one or more suppoa posts 30. Preferablv posts 
30 extend through openings (not shown) in plate 24 and are secured by post clamps 32. which arc 
preferably bohed to the top surface (preferred) or lower surface of plate 24. 

.A motor drive shaft 36 extends from motor 23. .A coupling 38 has a firs, couplin.. member 100 
attached to drive shaft 36. and a second coupling member 1 80. attached to a rotor shaft 40. Motor dnve 
shaft 36 drives coupling 38 which, in turn, drives rotor shaft 40. Preferably neither coupling 38 nor 
shaft 40 have any connecting threads. 

Base 50 .s preferably formed from graphite or other suitable material. Ba.se 50 includes a top 
surtace 54 and an input po« 56. preferably formed in top surface 54. ..\ pump chamber 58. wnah .s m 
communication with pon 56. is a cavicy formed within housing 50. A discharge 60. shown in Fis. la 
is preferably formed tangentially with, and is in fluid communication with, pump chamber 58 
Discharge 60 leads to an output pon 62. shown in Fig. I a as being formed in a side surtace of housing 
.^0. A^,ar rmg or beaiing nng 64 is preferably made of ceramic and is ce.nentcd to the lower edge of 
chamber 58. Optionally, device 1 0 may incorporate a metal-transfer conduit, or ri.scr. 300 connected 
to output port 62. Conduit 300 ,s preferably u.sed in conjunction with an elbow 508 to transfer the 
pumped molten metal into another molten metal bath. 

The rotors of the presem invention may be used with any type of molten metal pump: they arc 
not limited to use in transfer pumps. As shown in Fig I . rotor 70 i.s attached to and driven by shaft 40. 
Rotor 70 is preferably placed centrally within chamber 58. Refemng to Figs. 6-7. rotor 70 is preferably 
triangular (or trilobal) having three vertically, oriented vanes 72. and is impertbratc. beina formed of 
solid graphite. Rotor 70 may. however, have a perforate stmcture. such as i.npellcrs referred to in the 
aiT as bird cage impellers, have any number of vanes, and be of any shape, and formed of any material, 
.so long as it extends beyond input port 56 of base 50 when device 10 is in operation. As it will be 
understood, should input port 56 be formed in a surface other than top surface 54 of base 50. rotor 70 
would still extend beyond input pon 56. so that it can deflect solid panicles and prevent them from 
entering the input pon. 

Rotor 70 funher includes a connective ponion 74. which is preferably a threaded borc. but can 
be any stmcture capable of drivingly engaging rotor shaft 40. Angled shoulders 76 are formed as pan 
of vanes 72. A flow blocking plate 78 is preferably fonned of ceramic and is cemented to the base of 
rotor 70. Plate 78 rides against bearing ring 64 and blocks molten metal from entering or exiling 
through the bottom of chamber 58. (Alternatively, plate 78 could be replaced by a plurality of 
individual bearing points, or the bearing ring could be eliminated, in which case there would be 
openings between the tips and wear ring 64 that would function as a .second input pen.) 

Preferred dual-flow rotor 80 is shown in Fig. 8. Rotor 80 has the same overall design as 
previously-described rotor 70 except chat vanes 82 each include a vertically-oriented ponion 84 and a 
ponion 85 at the top 86 of at least one vane 82 that is angled towards the horizontal axis H. The 
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™sp.c„.. ,.„i„, ™d ho„^.„,, „Hc„„,„ of ^ po„,™, a«cnh.d hen.-,,. ,> i„ ,„ 
of the pump chamber through the pump discharge 

end inot shown) of motor dnve shaft 36. Collar 10^ 

, He ,0 co,,„ ,0a K..,. ^^^^ 

« ,.«.a,,v „„„ , ,^ ^^^^^ ^^^^^^ 

Disk 150 i., preferably , „,„„ip,e „f 

a^« ^' . P«"PH=. 156 a„. ae,.e.,.o.,„„, ,3S ,ol e JI . 1 t 

Second coupling „»„bc, , go designed .o ,cce,ve drtve ™,o, *af, 40. Me„bc, 1 80 is 
preferably fo^cd of n«al s»b . s-e, „a,..i„„„ 3,^,, _ ^ „ J^^'^"^^^^ 

r;C^TTr"""*'""""'""'^"°" .3=andadHvep„„io„ l,. Connec,,. ;2 
8. relerably ,„c,„des .Kre. radiallyspaccd. ,h„ad.d bores ,„„, shown, and .adiallv. p J 

^.pcMno, ,bow„,o„ an upper surface ,33. T,«bo,«„ddi.p,esa.. 

Ddveporton ,84 includes a .soeke, ,86. „bich p„fen*,y ^ ,„„ opp„„„, ,„ 
«^»ooppos,„,,„nu,arsurfaees,90so,bau,can^ive.^ 

.no, sbo.„, confrgured ,0 be rcecvcd ,n and dHven by soc.c, ,8b wi,bou. *e us. cf L^T, 
*^cdco™«do„. SocU. 1,6 ,nc,udesa,ig„ed.aper,„„s,,.. .^^^ 
,no.sb„^„onnedinro,csba„40. Wbcn ro.„r ,ba,UO is reccved ,n soc.c ,86.abcl„„„, o^^ 

» f,««, ,c Tta co„n«,ion is used ,0 «nica,,y align 40 ^d hence ro,^^ 

chan*.r=.»dp,ef.,*,yis„„.„«d„,„,pdri«,baft40.,„,b..„bodin«„.sho«.aboU,0rpi„ 

does not drive the shaft ^ ^ 

When assembled. fin^tcoupHng member ICQ is placed on disk 150 and aligned so that apenu^s 
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disk 1 50 against first coupling member 1 00. » > lo ugnccn 

Disk 1 50 is then placed on surface 183 so that the nuts on bolts 1 9a .^c received ...h.n ,h. r . 
Long bolts are tben passed tbroug. tbe r..ma.n.n. tbrec apertures , , tJo . " 
are ihreadmgly received in the threaded botes in surface 1 83 .« ro„„ " ' " 

AS shown in Figs. I. la. 2. 1 1 and 12. pumping device ,0 may be a transfer pump .n which 
case .. w.„ euher .nCudc transfer pump base 50. or b.se 50- or base 50". altho .h o h r 1 
conr.,ura..o.. could be used. ...s previously described, and as .shown i„ Fi. ,. io .ncl e a 
upper surface ..a and a discharge 60 leading to an output pon 62. wh.ch is fo;mcd ,n a .de of bas 
.a.s used herein, the cer. discharge rerers to the passageway leading from the pump chamber to the 
output pon. and .he output pon .s the actual opening in the e.xtenor surface of the pump ba.) An 
extension p.ece I , is attached to ou.pu. pon 62 and defines a pa.ssageway formed as an e.L. as to 
d.rect the How of the pumped molten metal upward. A metal -.ransfer conduit 300 is connected to 

arrangement .s generally described in U.S. Patent No. 5.203.68 1 .o Cooper) 

or inte T" ''''' ' ' ' " "^^ » preferablv attached to 

or .ntegrany formed wuh, base 50'. As shown, button 200 has a cylindrical b.se 202 and a tapered 
poaion .04. A preferably cylindrical passage 206 is defined within button 200. Cylmdrical base ^0^ 
has a bottom edge 208 that .sts o„. and is preferably cemented to. upper .surface 54. whe« it prefentWy" 
surrounds output port 62 so that output pon 62 and pas.sage 206 communicate with one another 

A metal-transfer conduit, or riser. 300" is u.sed in conjunction wi.h ba.se 50". Conduit 300' is 
prefe. ly cylindncal and has a first end 302' that is internally d.mens.oned to receive capered pon.o„ 
04 of utton 200 to create a substantially ttght connection without the u.se of cement or other sealan. 
As used herein, the term substantially tight connection means that when molten meul is pumped 
through output pon 62' and through button 200 into metal-transfer conduit 300'. i.e.. there may be ol 
a m.n,mal amount of leakage. (A.ten,atively. the connection between .he button and the ri.scr may be 
step^d as ...u.suated in Hg. ,5. and other subsutn.ially ttght connections may also be used. Button' 00 
may be of any size and .shape as long as it allows for a substantially ..ght connection between In, 
conduu 300-. Additionally, a high temperature fiber gasket material, such matenal bein« known to those 
skilled in the an. can be t^ed to help seal between the button and the metal-transfer conduit 

In another aspect of the invention generally shown in Fig. 1 2. a base 50" is shown which has 
.he same configuration as base 50' except for output port 62". which i., tapered- or otherwise 

d,men.s.onedtorece.veend 302"ofconduit300-toforn.a.substantia.,ytigh.con„ect.^^ Theobjeet 
Of the invention is thus saUsfied when the metal-transfer conduit for^s a sub.sta.tially tieht metal- 
transfer connection with the output pon without the use of cement or other sealant although as 
mentioned previously, a high-temperature gasket may be used. 
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p«f«ably by b.,„g damped by .n a*,p»r 350^ Adapcor J50. ,ho» „ ,n Fi, 4 i, Jk, 

c.».p .K. .d „„d. .d .ppo. u j: r^^^^^^^ 

S^ord porton 354 includes » upp,r na.s» 364. a cun,cd. ,.„i<yH„d„cal «c„„„ ,66 aiid 

IS connected loupporflangs 364. p„f„ablvbv welding 

A „<.„,lng brace 374 has a .e„ica, Hang. 376. a b^rtzon., tlanj. .37S and .,„pp„„ „^ ,^ 
Mo„„„„, b„ce .74 „ connect ,„ ,„pe„^,„„ by p..,i»in, U », .pe„ „ „ ,ba ,^ 
apcna„, . , , ,n b„„.o„,a, nan,e 37, a,,„ apenu., ,„ ,„,^._„ ^ 

0.«e brace 374 „ ,ec„„d „ ,„pc«™cm„ 20. ponicn 354 „ 6^^. 

ape™...,, ,„p,„c37:.i,bapc„a.s38, vc„,ca, aa„,e 376. and bo... a„ p„„d ,b™. b I 
aligned ape^^s .so as » ,ec„oe p„„,on 354 ,o brace 374, Tbc second end of a nl s-ch a. 
end 304 or H«r 300., . a„„ place aga,„„ .....cyUndHca, „c„o„ 366. poXnt" 
connected » second porrlon 354 by pressing Hanges 360 and 368. and Hanges 36: and 370 ogerb .7 
V. .pe„„n» respecriv. p^rs of ^ared flanges a. .igned and bobs a„ passed rbererbroLgb ,o 

«p„r.,on352,oponlo„354„be„r,rs.p„..o„352ands.eo,^po„,on3.54^con„ec,ed.sio^ 
end 304 ,s p„ss„„ n, wirbin .,emi..,i„dHca, seerions 366 and 3.58, and is ,bws secured w„boa, ,he 
use or ce^nr ^ odKr sealan. Adapror i.s also rbe preferred Coping ™echa»isn, wben conda.,, 

or 300 areused. Th.co,,*i,^b„„ oradap,or350,„ provide rorsealanr-r^connccU^ „ 
of rbe n»,a|.,ransre, eondu.r sopp„r«d by rbe supersmrcure and .soa,an,.r«e conneerion between d« 
oorpo, poa 6r or 6r and «rs, end 30r or 30r. respecU^ly. allows f„ simple. ,„ic. removal 
r placemen, o, condui, 300- or 300-. Adapror 350 may include a prorrusion or proieerion o, o*er 
s-rucrure ,b., mares wi,b a corresponding srrucrur. on ,b. rise, so as ,o venieally loca» .be riser wirb 
mspec, ro ,be pump base and for supersrr^cure an embodimen, of a elamp in aeeor*,nce wirb die 
invention is shown in Fig. 5. 

A p.fcn.d adaptor 350' is shown i„ Fig. 5. Adaptor 350" generally comprises two clamptng 
secno„s3.2 a„d362^ Asshow„..hcc.a.,ngse«ions^™.o^ 

sect-on 352 w„I be described in detail. Section 352' has outer flanges 354' and 356'. wherein each of 
sa.d nanges preferably includes a single cin:ular apenure 360". Section 352' is formed so as to create 
two generally flat, angled clamping surfaces 358'. Also shown in fig. 5 is an elbow conneaor plate 37^ 
and a mounting plate 380'. 

^ Adaptor 350- is utilized by placing a generally cylindrical riser tube between .sections 35^ and 
354. ahgning flanges 354'. 364' and 356'. 366' and pai.. of apenures 360'. 370'. Bolts or other 
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conncco, a. „„„ p,«,<, „„„^, ,„_.„^ pal„ .,apcn„„ m. ,o dn,.- ,5 

.og.U„. C,.„pl„. s„„„=s 338- „d sunaces .68- p,e.« a,ain« " " . 

. . p,.e. „„, , p„,^ _ „ 'ir 

cyl,«l„cal d»,p,„g surface l«ca„se. wl* to cla,„pi„g surface. ,he c«„mfe„™, „,■ ,k k 

s»rf.= .0, „„„ .a„p,„, .,a.e. wo„. J; r:;:^::^ °": 

in lornimg the ristr tube. e'Pcawl nu> be used 

Clamp .50- Irnvibg ,»ociamp,ng seclobs. each of which has „vo ,u6s,ah„allv ,1a, l™., . 
,s p^fened. Si.ila, „su,„ ™a, be achieved, however, ir ™„ ,ha„ ,w„ s J l 1' 

, ,he ,e,pec„ve secions have a, ,eas, oue. or „„„ ,ha„ „o. Ha, surfaces. a„ho is ,2ZZ 

leas, one cla.p,„g sccioo ha. a, leas. ,>vo subsUhUall, „a. c,a.p.„, surfac s. Calp , ^ 

^" ™^ »0- ase Shown as nK„o«.hic pieces. A„e™a,i.c,y. xs shown in fi„ 
.undl..=.asec,.o„a,n,e.,.,™,srercondu„500or5<»„,ayb.p„vidcd. T„„i„„o R,, ,3 J^. 
500 ,s ronnec of «,ree secnons. a s„b„e.i61e. or lower secon. 502. a cenu. «c,ion ,04 "a„d7 
secuon 30a .h. .a, connec, ,0 a„ elbow 50S. shown in P,, |. Seclons 50.;,: randl":;;' 
n., be ,„„,cd w„h or w„h„„, ,he use of cemen. or o*er sealan,. Addilionallv. ,hev 
assembled by means of Ihreaded connections. ' ' 

are i.nI!lT.'^TT''"'°"" 

are tonned ma, be »leaed ,0 match the conditions .0 wh,ch ,h.y will be exposed. The conditions 
w,*m a molten meu, futnaec va„ grea„y from w„hin the me.llic ba,h. ,0 the surface of the TZ 

^^.tcthcatmosphereabovethe bath. When ^epro^rmareHa, is used for each cn^ 
Of ihe condut, ,s extended at a minima, cos,. F» example, the surface of metallic bath B ,s ,he mos 
aus.,c env,„„me„ ,0 which conduit 500 is exposetL h is Uterefore desirable ,0 maU secon ,04 

cCal T"" °^ ^ - - '^^'^ Chem,c.ly.rcs,:,an; 

,71 " ■ " "o-ver, and graphic ,s sausfaco,, 

Al,ema,ively..achs.c„on502.504.506maybefom,edofgmpt,i,.. SecUon 504 whichis 

. i^odul.. however, secuon 504 above may be replaced insiead of replacing ,he e„,i,« condui. 500 
Educes ma«™, wast, and costs. Furfher, as explatned below, by providing the tube ,n secti^ 
he lengm o, «e „b. c», be va,^. acc^„g „ ^ ^ 

».b,racungaseeUonof»be. This educes and simp-iHe. i„,e„.o„. ,„ summary by providl" 
«c.,om,l c<»,dui, 50O. *. ope^omu life of *e cond«, is a, a minimal cos, 

Rg. l3»sl«>«s™dKrembodi,«„,ofd,e invention wherein sections 503' 504' ami 508' an= 
connected by thteaded connections. MM and 308 are 

Addi.io»Uly. ^ present pump device can b. modular, metming that ..^^al members. 
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■ d«cnb«, abo« .10, „sp«, 300. and 300' ,h. „fe " 

■ »---^-'-».~.....a„,,.j::L:^z^^^^^^^ 

surface or ^ B and ,« „p..,„ ,„ C ' 

...-.ion. can b. replaced ..,i„, „ J ^''^ ' '"^ ' « 

co™. ,„ d.rc„„, and . .a.., c„„..„. a ZZ 3 

diffcnn, ,n len|,h acconjing ,o *c hoigh, of*. p.mp on which ,h.v an: „ 6c „ ' ^ 1 . 
for each po.p hergh, offe^. By .a.ing *. vcrrica, .ethers dcCbcd ZZ^Tr 
.n.en.or> of pa„s can he cscd and. ..en d. .„,h of aco„.po„e„, „c.. ,„ Oc .nc™;:: 

conrponen,. A„ho„gh i, ,s prefc^d ,ha, one „c,i«„a, ,eng,h he used. d,e ohj Jof d„ n!!^, ! ^ 
.spec. ,0 ,h,s pa„,c.,ar .pec. would ^ achreved as long as ,he™ a„ lUr ll 7" ^ 
componenls Chan iherc are pomp heighK. 

Finally, as shown ,n Fig. ,4. ,he prcsen, invendon „,ay also be a pomp includin. • 
^ermocoople wi*in a soppon pos, 30. Thc™„coople 600 incloL I Z^Z 

-.al bore 6,0 rha, reccves means 60: and corxl 604. One advanrage of ,h,s arrance,m=n, U ,ha, ,h^ 

a longer l.fc. Another advanrage is d,a, rh. *e™oc„,„. „ „ ^ J^;^^- 

. no, poshed .boo, by .ho con.„,s wirhin rhc b.,,:. The^foro. .he .empeire readin. is mo,^^ 

.cor-arc. „ .s also con.emplarcd drar ,he d,e™^oople coold be embedded or fonncd w „ h^^p^. 

base or anoihersraoonarv- pump component rnc pum,. 

A preferred embodimen, havmg now been descHbed, i, will be understood d,a, in>.e„,io„ 
... no, .has hmrrcd. bo. is ,ns„ad so, fo,.h in *e app«,ded clarms and legal e,uivalen« ^ 
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VVhai .'s Claim^i j f 

I . A device for pumping molten metal comprismg; 

a) a superstructure: 

b) a motor on said superstmcture. said motor connected to a drive shaft 

a pump base having an input poa. a chamber forced therein, and a d..schar«c leading 
to an output pon; " * 

a support post connected to said base and to said supers.nicturc: 
a rotor within said chamber, said rotor extending beyond said input pon: 
" a rotor shaft connected to said roton 

g) a coupling for connecting said rotor shaft to said dnve shaft, .said ccuol.nc comorisin. 
a frst coupling member and a second coupling member and a lle.xible diJk pos.t.oned 
between said members: 

a metal-transfer condu,. formmg a substantially tight connection with said output pon 
without the u.se cement or other sealant: and 
1) a thermocouple contained within said suppon post. 

A rotor for use in a molten metal pump chamber, .said rotor having one or more vanes, wherem 
at least one of .said vane(s) has a generally venical poa.on and an angled ponion above said 
generally venical ponion. said angled ponton for d.tecting molten metal into said pump 
chamber and .said venical ponion for directing molten metal out of said chamber. 

A ...nsfer pump including a pump ba.se. said base having .n input pon. a chamber, a discharge 
leadmg to an output pon and a button extending from said output pon. sa.d button for 
connecttng to a metal-transfer conduit to facilitate a .substantially tight connection therebetween. 

A traasfer pump as defined in claim 3 wheretn said button is integrally fonned with said pump 
base. ^ ^ 

A transfer pump as defined in claim 3 wherein said button is attached to said pump base. 

A transfer pump as defined in claim 3 that funher includes a metal -transfer conduit fonning a 
substantially tight connection with said button. 

A transfer pump as defined in claim 6 wherein .<«tid metal-transfer conduit is dimensioned to 
connect satd button and is connected to said button without the u.se of ccmen, or other sealanL 

A transfer pump comprising a pump base, said base having an input pon, a chamber a 
discharge leading to an output pon and a metal-transfer conduit fomiing a substantially tight 



BNSOOaO:<WO. 



> 982S03!A2J,> 



wo 98/25031 



12 



PCTAJS97/22440 



10. 



12 



14. 



15. 
16. 

17. 

18. 

19. 

20. 



connection with said ou.pu, port without the use of cement or other sealant. 

A transfer pump as dcfmed in claim 8 whercm said output port and said discharge form an 
angled opening for receiving an end of said metal-tran.sfer conduit. 

A device for pumping molten metal, said dev.ce compnsmg a motor and a pump base having 
an mput port, a chamber and a discharge leading to an output pon. said device fuahcr 



compnsmg a rotor within said pump chamber, sa.d rotor extending beyond said mpu, pen 
II. A device « defined in claim 1 0 wherein said rotor is imperforate. 
A device as defined in claim 1 1 wherein said rotor i.s trilobal. 
A device as defined in claim 1 1 wherein said rotor is quadralobal. 



A dev.ce as defined in cla.m. 1 1 wherein sa,d dev.ce further-comprisas a chamber wall and said ' 
rotor .ncludes one or more vanes wherein at least one of said vanes includes a portion that 
directs molten metal into said chamber and at least one of .said vanes includes a ponion tha. 
direct.s molten metal outward agamst the wall of said chamber. 

A metal-transfer conduit compri.sed of a plurality of uuerconnected .sections. 

A support post for a molten metal pump comprised of a plurality of inte.-connected 
sections. 



A rotor drive shaft for a molten metal pump compri.sed of a plurality of 
mierconnecicd sections. 



A metal-transfer conduit as defined in claim 15 wherein said sections ans interconnected 
without the use of cement or other .sealant. 

A metal-tran.sfer conduit as defined in claim 15 wherein one of .said .sections is compri.sed of 
ceramic and the other sections are comprised of graphite. 

A method for removing a metal-transfer conduit from a molten metal pumping device, said 
method comprising the steps of: 

a. providing a molten metal bath; 

b. providing a molten metal pumping device positioned in the molten metal bath. 
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said device including: 

i- a pump base having a pump chamber, an .npu. pon and a discharc. 
leading lo an output pon; 

one or more suppon posts extending from said base: 
iii- a superstnicture attached to and supported by one or more of said 

suppon posts: 
>v. an adaptor attached to said superstmcture: 

V. a metal-transfer conduit having a f.rst end ,hat forms a substan.iallv 
..ght connection with said output pon without .he use of cc.ncn, or 
other sealant and a second end retained by su.d adaptor wi.hout the 
use of cement or other sealant; 
removing said device from the molten metal bath: 

loosening said adaptor and removing said second end without t.movi„e any 

sealant: and " ^ 

d.sconnectmg su.d first end of said metal transfer conduit from said output 
port without removing any sealant. 

A coupling for use in a molten metal pumping device, said coupling connecting a motor drive 
shaft to a rotor shaft, said coupling comprising: 

a) a first coupling member connected to said motor drive shaft- 

b» a second coupling member connected to .said rotor shaft: .said second coupling 

member spaced from said f.rst coupling member, and 
c) a flexible di.sk dispo.sed between .said first coupling member and said second 
coupling member, said disc connected to .said firs, coupling member. 

A device for pumping molten metal comprising: 

a) a motor connected to a motor drive shaft; 

b) a coupling havtng a first coupling member connected to said drive shaft and 
a second coupling member spaced from said first coupling member, said 
second coupling member including a socket having two opposing flat surfaces 
and two opposing annular surfaces, .said coupling funhercomprismg a fiexible 
d.sk disposed between said first coupling member and .said second coupling 
member, said disk connected to .said fini, coupling member and connected to 
said second coupling member; 

c) a n>tor shaft having a firs, end t^ceivtKl in said .socket, .said firs, end being 
configured so Aat it drivingly engages said socket, .said rotor shaft having a 
second end; 

d) a pump base including a pump chamber, an input pon and a discharge leading 
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to an output pon: and 

e) a rotor conr^ected to said second end of said rotor shaft. s;.id rotor positioned 
wuhin said pump chamber. 



3. 



24. 



A support post for use in a molten metal pumping device, said post includinu a eavi.v for 
retention of a thcnnocoupie. ' • 

A support pose xs dcf.ned in claim 22 fuaher comprising a thermocouple retamed wi.h.n sa.d 
cavity. 

25. A method of forming a driving connection between a coupling and rotor shaft used in a molten 
metal pumpmg device, said method comprising the steps of: 

providing a molten metal pumping device, said dcvce including a rotor and 

a rotor shaft: 

b. provding a couplmg. said coupling havmg a first coupling member, a second 
coupling member and a Oexible disk disposed therebetween, said second 
couplmg .nember mcluding a socket having two flat surtaces and two radial 

surfaces: 

providing a rotor shaft having an end forced to be received m said .socket and 
substantially driven by said flat surfaces; 
d. connecting the first coupling member to the motor shaft: and 
c. inserting said end of .said rotor shaft into said socket. 

26. .An adaptor for mounting a riser tube, said adaptor being formed of a plurali.v of connectable 
sections, at least one of said sections including a substantially flat clamping surface. 

27. .A n,olten metal pumping device including a base and a thermocouple, said thermocouple being 

affixed 10 said base. 

30 28. A device defined in claim 27 wherein said thermocouple is retained within said base. 

A device for pumping molten metal, said device comprising a motor and a pump ba.se 
having an input port, a chamber having a chamber wall, and a di.scharse leading to an 
output pon. said device further comprising a rotor within said pump chamber said 
rotor including one or more vanes whe«in at least one of said vanes includes a 
portion that directs molten metal outward against the wall of said chamber and at 
least one of said vanes includes a ponion that directs molten metal into said chamber 
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.rom s.,d na, surfaces of said sock,, ,„ sa,d na, surfaces 0, sa,d s«.ond 
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